Fluorescence microscopic observation of catalysis by single or few LDH-1 enzyme molecules.
Lactate dehydrogenase (LDH-1) catalyzes the reaction of lactate and nonfluorescent NAD+ to pyruvate, NADH (fluorescence at lambda em = 455 nm, lambda em = 365 nm) and H+. The injection of highly diluted LDH-1 solution into a drop of substrate solution results in the formation of a bubble of enzyme inside the drop of substrate. At the contact surface between the enzyme solution and the substrate, discrete and statistically distributed zones of increasing fluorescence intensity and different size can be observed after enzyme injection. These zones can be interpreted as clouds of NADH around a single or a few enzyme molecules. The kinetics of the NADH formation in every fluorescent zone, and the size of the zone, can be described by a zero order production combined with a diffusion controlled loss of the reaction's product NADH from the reaction zone. From the dilution of the enzyme solution and from statistical analysis one can conclude that only few enzyme molecules in the center of the fluorescent reaction zones catalyze the NADH formation.